We sought to estimate the prevalence of comorbidities in heart failure (HF) patients and their impact on functional status and clinical outcomes in Indian population. Patients and Methods: This prospective study was carried out at a tertiary care institute in North India. Patients were followed up prospectively for readmission and mortality for a median of 18 months. Results: A total of 113 HF patients were included in the study -59 being HF with preserved ejection fraction (HFpEF) and 54 being HF with reduced ejection fraction (HFrEF). Patients with HFpEF were older (P = 0.03) with an equal proportion of males and females. Patients with HFpEF were less intensively treated with HF medications, particularly, spironolactone and other diuretics (P = 0.001). A total of 17 comorbidities were identified, and patients with HFpEF exhibited a higher burden of total and noncardiac comorbidities. After 18 months of follow-up, the all-cause readmissions and all-cause mortality were higher (P = 0.01) in patients with HFrEF as compared to HFpEF. The high New York Heart Association (NYHA) class, low ejection fraction, and high proBNP were associated with an increased risk of all-cause mortality. The mean Geriatric Nutritional Risk Index (GNRI) was significantly low in the HFrEF group (96.4 ± 10.8 vs. 102.3 ± 12.9, P = 0.009). Quality of life was poor in patients with HFrEF as compared with the HFpEF group, and 36-item Short-Form Health Survey score decreased proportionately with a decrease in EF. Multivariate analysis showed EF, GNRI, albumin (mg/dl), urea (mg/dl), sodium, and all-cause mortality to be associated with HF-related readmissions. Furthermore, NYHA class, urea (mg/dl), all-cause readmission, and HF-related readmission were seen to be associated with HF-related mortality. Conclusion: Despite differential prevalence, comorbidities exert substantial impact on the functional status in HFrEF as well as HFpEF patients. An individualized treatment approach based on comorbidities could provide a way forward, especially in low-resource countries.
Introduction
H eart failure (HF) is a complex clinical syndrome characterized by structural and functional impairment of ventricular filling or ejection of blood. An increase in cardiac and noncardiac comorbidities with the advancement of age contributes significantly to the poor prognosis and alters the response to treatment in HF. [1, 2] More than 50% of patients with the clinical syndrome of HF has a normal left ventricular ejection fraction (LVEF) termed as HF with preserved ejection fraction (HFpEF) as compared to HF with reduced ejection fraction (HFrEF). Although substantial data are available from Western countries on the differential impact of comorbidities in these HF subtypes, the evidence from India is very scarce. Moreover, as compared to other developing countries, India exhibits a greater burden of mortality from HF that might be tertiary care institute, in North India. Consecutive hospitalized patients with or without HF-related reasons were included in the study and divided into two groups (HFpEF and HFrEF). HF was defined as per the modified Framingham criteria. Details of medical history, general physical examination, and laboratory data were recorded from the patient's medical records. LVEF was measured by two-dimensional echo using Simpson method. LV systolic dysfunction was graded as mild (EF: 41%-45%), moderate (EF: 36%-40%), or severe (EF: 35% or lower). [5] QoL was evaluated with 36-item Short-Form Health Survey (SF-36) score and New York Heart Association (NYHA) class. Nutritional status was assessed by the Geriatric Nutritional Risk Index (GNRI). Type 2 diabetes mellitus (T2DM) was defined as fasting blood sugar >126 or random blood sugar >200 mg/dl or glycosylated hemoglobin (HbA1c) ≥6.5%. Hypertension was defined as per the Eighth Joint National Committee criteria. [6] Obesity was defined as body mass index (BMI) >27.5 kg/m 2 or waist circumference (WC) >90 and 80 cm in males and females, respectively. Renal dysfunction was defined as estimated glomerular filtration rate <60 ml/min/m 2 by the Modification of Diet in Renal Disease formula. Anemia was defined as Hb <13 and 12 g/dl in men and women, respectively. Diagnosis of atrial fibrillation (AF) was based on baseline electrocardiogram. Dyslipidemia was defined as low-density lipoproteins (LDLs) >100 mg/dl, high-density lipoproteins (HDLs) <40 mg/dl in males and <50 mg/dl in females, triglycerides >150 mg/dl, or total cholesterol >200 mg/dl. Peripheral arterial disease was defined as a history of claudication or ankle-brachial index of <0.8. Chronic obstructive pulmonary disease (COPD) was defined as the presence of dyspnea, chronic cough with sputum production, and history of exposure to risk factor for disease (smoking, smoke from home cooking, and occupational dust) along with the presence of postbronchodilator forced expiratory volume in 1 s/forced vital capacity ratio of <70% as measured by spirometer. The study was conducted according to the ethical principles stated in the latest version of Helsinki Declaration and the applicable guidelines for good clinical practice. Ethics approval was obtained from the institutional ethics committee, and written informed consent was obtained from individual patient.
The sample size was calculated as 100, based on the effect size and alpha error consideration. All quantitative variables are presented as mean or median with measures of dispersion (standard deviation and standard error) and analyzed by independent t-test and Mann-Whitney U-test. Categorical variables are described as frequencies or proportions and analyzed by Chi-square test. Univariate and multivariate analyses were carried out to find significant predictors for the outcome of interest in both the groups. All tests were performed at two-tailed, and P < 0.05 was considered as statistically significant. Multivariable Cox proportional hazards model was used to calculate the hazard ratio (HR) for mortality. Ordinal and linear regressions were used to assess the impact of different comorbidities on the NYHA class and SF-36 score.
Results
A total of 113 HF patients were included in the study. Of the 113 patients, HFrEF and HFpEF were present in 59 (53.3%) and 54 (47.7%) patients, respectively. Among the patients with HFrEF, 11.9% had mild systolic dysfunction, 11.9% had moderate systolic dysfunction, and 76.3% had severe systolic dysfunction. The demography, clinical symptoms, and clinical findings are presented in Table 1 . The mean age of the patients in the HFrEF group was 57.9 ± 13.4 years, and most were male (61.1%). Patients in the HFpEF group were older (62.9 ± 11 vs. 57.9 ± 13.4, P = 0.03) with an equal proportion of males and females. As compared to patients with HFrEF, patients with HFpEF were less symptomatic and had fewer clinical findings, P < 0.05 for all symptoms except dyspnea, edema, and family history of coronary artery disease (CAD). Patients with HFpEF were less intensively treated with HF medications, particularly, spironolactone and other diuretics (P = 0.001).
Prevalence of comorbidities
The prevalence of comorbidities in the study population is presented in Table 2 . A total of 17 comorbidities were identified among 113 HF patients, with a mean of 5.5 ± 1.9 comorbidities. Of the 17 comorbidities, CAD and AF were cardiac comorbidities, whereas diabetes, hypertension, hypothyroidism, dyslipidemia, cerebrovascular accident (CVA), peripheral vascular disease (PVD), anemia, Vitamin D deficiency, chronic kidney disease, obstructive sleep apnea (OSA), COPD, obesity, malnutrition (GNRI), iron deficiency, and hypoalbuminemia were noncardiac comorbidities.
Patients with HFpEF exhibited a higher burden of total (5.9 ± 1.9 vs. 5.2 ± 1.9) and noncardiac comorbidities (5.0 ± 1.9 vs. 4.2 ± 1.9). Dyslipidemia (P = 0.09), CVA (P = 0.4), anemia (P = 0.1), iron deficiency (P = 0.1), and hypoalbuminemia (P = 0.009) were more prevalent in patients with HFpEF, whereas T2DM (P = 0.09), hypothyroidism (P = 0.9), hypertension (P = 0.01), renal dysfunction (P = 0.3), AF (P = 0.2), COPD (P = 0.5), CAD (P = 0.6), and obesity (P = 0.9) were more frequent in patients with HFrEF. Patients were followed up for 18 months.
Of the 24 all-cause readmissions, 15 and 9, respectively, were found to be HF-and non-HF-related readmissions. HF-related readmission was statistically more frequent in the HFrEF group (P = 0.04).
Functional status and clinical outcomes
Significantly more proportion of patients with HFrEF had a higher grade of NYHA functional class than those with HFpEF [ Figure 1 ] (P = 0.001). Univariate analysis revealed that more patients in NYHA functional Class 4 had orthopnea, palpitation, edema, hypotension, tachycardia, hypoxia, raised jugular venous pressure (JVP), S3/S4, murmur, crepitation, and OSA. Univariate analysis also revealed that low HDL, EF, GNRI, hypoalbuminemia while higher HbA1c, urea, creatinine, and high proBNP were associated with higher NYHA class. Patients with NYHA functional Class 4 were younger with low mean SF-36 score [ Table 3 ].
Univariate analysis demonstrated that dyslipidemia, hypoalbuminemia, renal dysfunction, PVD, low GNRI, and low SF-36 scores were significantly associated with all-cause readmission [ Table 4 ]. Patients presenting with orthopnea, crepitation, raised JVP, family history of CAD, hypoalbuminemia, renal dysfunction, hyponatremia, low SF-36 score, and higher NYHA class had an increased risk of HF-related readmission. Of the 19 all-cause mortality, 16 and 3, respectively, were HF and non-HF-related mortalities. HF-related mortality was statistically more frequent in patients with HFrEF (P = 0.01). High NYHA class, low EF, and high proBNP were associated with an increased risk of all-cause mortality. Patients with a history of all-cause and HF-related readmission had a significantly increased risk of all-cause mortality.
Quality of life and nutritional status
QoL was poor in patients with HFrEF as compared with the HFpEF group, and SF-36 score decreased proportionately with a decrease in EF. The mean malnutrition index GNRI was significantly low in the HFrEF group (96.4 ± 10.8 vs.
102.3 ± 12.9, P = 0.009) [ Table 2 ]. More number of patients with HFrEF were at high malnutrition risk. Patients at high risk of malnutrition exhibited low EF, BMI, waist-to-hip ratio, WC, LDL, total protein, triglyceride, albumin levels, and SF-36 score, while they had high blood urea nitrogen levels and higher NYHA class. Tables 5 and 6 . While EF, GNRI, albumin (mg/dl), urea (mg/dl), Na, and all-cause mortality were associated with HF-related readmissions, NYHA class, urea (mg/dl), all-cause readmission, and HF-related readmission were associated with HF-related mortality.
Results of Cox HR analysis of various parameters for HF-related readmission and mortality are presented in

Discussion
The present study evaluated total 17 comorbidities in patients with HFpEF and HFrEF. Patients with HFpEF were significantly less symptomatic compared to those with HFrEF.
Patients with HFpEF exhibited a higher burden of total and noncardiac comorbidities. Significantly more proportion of patients with HFrEF had a higher grade of NYHA functional class and poor QoL and nutritional status. HF-related readmissions and mortality were statistically more frequent in HFrEF patients.
Patients with HFpEF exhibited a higher burden of total and noncardiac comorbidities in the present study; however, these findings are in contrast with those reported by Edelmann et al. 2011. Nevertheless, the prevalence of T2DM was similar and that of AF was slightly higher in patients with HFpEF in previous studies. [7, 8] When compared to HFrEF, patients with HFpEF have been older, majorly female and exert high prevalence of hypertension and anemia. [7] [8] [9] [10] [11] [12] [13] [14] Patients in our study had a similar presentation but had an equal proportion of males and females. The prevalence of all other comorbidities was equal in both the groups. The optimal treatment of anemia in HF patients requires further studies.
Majority of the patients with HFrEF had NYHA Class 3 (37%) and Class 4 (30.5%), which was significantly different from that of HFpEF, who majorly had Class 2 (66.7%) and Class 3 (18.5%) HF. These results are in agreement with those reported by Edelmann et al. who also showed lower mean NYHA in patients with HFpEF. In our study, older patients had lower QoL with a higher mean NYHA score; similar observations were also reported in previous studies that show a decrease in QOL with worsening of NYHA functional class. [15, 16] All-cause mortality was similar in both HF types; however, HF-related readmissions and mortality were statistically more frequent in the HFrEF group. Prognosis in patients with HFpEF has remained similar to that in patients with HFrEF in several studies. [7, 9] Nonetheless, some recent multicenter studies and a meta-analysis show better prognosis in patients with HFpEF. [17, 18] In an international multi-ethnic cohort study, patients with HFpEF had a lower risk of death compared with those with HFrEF (HR: 0.62, 95% confidence interval: 0.46-0.85). [17] Further, a meta-analysis revealed that the patients with HFpEF have a lower risk of death than patients with HFrEF irrespective of age, gender, and etiology of HF. [18] In a study that enrolled 40,239 patients, the risk of cardiovascular and HF readmissions was higher in HFrEF compared with HFpEF. [19] The presence of higher NYHA class, low EF, and high proBNP was associated with an increased risk of all-cause mortality in our study which is in line with previously published reports where renal failure, previous history of hospitalization for HF, impaired functional status (NYHA Classes III-IV), and elevated Brain natriuretic peptide (BNP) were found to be the significant predictors of mortality. [20] [21] [22] When compared with HFpEF, patients with HFrEF had poor QoL in our study, and there was a proportional decrease in Conversely, a CHARM study demonstrated a similar QoL in HF subtypes, and the study also showed that the extent of QoL worsening was independent of LVEF. [23] To our knowledge, the present study is the first in North India to analyze the role of GNRI in a patient with HF. The mean malnutrition index GNRI was significantly low in the HFrEF group, and more number of patients with HFrEF were at high malnutrition risk.
Conclusion
Our findings suggest that HFpEF is more common in older population and exhibits a greater burden of comorbidities as compared to HFrEF. Further, patients with HFrEF have poor QoL in term of higher NYHA class and SF-36 score along with poor nutritional status. Although a patient has similar all-cause readmission and all-cause mortality in both the groups, HF-related readmission and mortality are more frequent in patients with HFrEF. Regardless of EF, these patients experience substantial mortality and readmission indicating the need for new therapeutic strategies.
In summary, there are marked differences in the prevalence and prognostic outcomes of comorbidities in HFrEF as compared to HFpEF. However, comorbidities do exert a substantial impact on functional status in HFrEF as well as in HFpEF patients. Hence, focusing treatment on comorbidities may be more beneficial in order to reduce the burden on public health services in low-resource countries such as India. 
